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A Direct Nanoscale Investigation of ZnO Surfaces 
During Crystal Growth
Overview:
•Zinc Oxide is a metal oxide that can be 
grown in both crystalline and nanocrystalline 
form.
•Nanocrystals have a wide array of uses in 
upcoming technologies such as video 
viewing screens and solar conversion 
devices.
•Nanocrystals are not of a specific shape, 
rather the shape varies depending on the 
method and conditions in which they’re 
grown.  The shape of the crystals has a 
large effect on their properties, such as 
electrical conductivity and light absorption.
•Currently, it is unknown why nanocrystals 
grow into the shapes that they do, which 
vary from flat hexagonal plates to long 
cylinders to spheres and ovals.  
•The purpose of my research was to 
determine what factors affect the surface 
morphology of a macroscopic ZnO crystal, 
and thus what factors play a role in the 
ultimate shape of nanocrystals.
Experiment:
Effect of Annealing:
•Initially, a single crystal of ZnO was imaged 
through atomic force microscopy (AFM).  
AFM imaging involves using a needle with a 
tip only one atom in width and “tapping” 
across the surface of the crystal, feeling the 
forces present. This allows the tip to “feel 
out” the surface and create an image 
mapping out the features.
•Once the surface morphology was known 
the crystal was annealed in a furnace at 
1050°C in 2-5 hour increments until a 
constant morphology was observed. 
By annealing the crystal we were able to 
observe a phenomenon known as “step 
bunching.”  This is caused by atoms 
clumping together on the surface to create 
a staircase like pattern.
•This was the “starting point” of the bulk of 
the research that was conducted.  From this 
point we studied how the crystal changed 
through interactions with different growth 
modifiers.
Effect of Etching:
•Etching experiments were conducted using 
boiling H2O, HCl and NH3 as the growth 
modifiers. 
•After viewing the effect that all three of these 
modifiers had we decided to conduct further 
experiments using NH3 as the other two 
modifiers gave less consistent results
•The crystal was etched systematically in 
solutions of NH3 with increasing 
concentration, varied between 0.01 M and 
0.10M
•The result of this was that the crystal slowly 
changed from having long, broad steps to 
steps that were relatively small and triangular 
in shape, which is simply another form of 
step bunching. 
•The next phase of research will involve 
discovering what, exactly, these results 
mean.  What property of NH3 causes it to 
etch this way? Time dependence of etching?  
What causes step bunching during 
annealing?  Can these processes be 
reversed through another method?  What 
other growth modifiers produce similar 
changes?  
Special Thanks: The Dreyfus Foundation, Summer Science Scholars Program and Kenyon College Physics Dept.
David Black ‘09
Drew Pohlman ‘10
Prof. Simon Garcia
